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INTRODUCTION 


During the past few years Professor di. T. Miller 
and his students have been engaged in the preparation 
and study of a variety of fluoro- and chlorocarbons. 
One of the most interesting of these is the saturated 
(16) 


dimer of hexefluorobutadiene,. Cg F12» the structure 
of which is to be discussed ín pert II of this thesis. 
X-ray studies of this compound thus far have been predi- 
cated on a molecular model possessing a center of symme- 
try which, if it were to exist, would greatly simplify 
the structure problem. since Cg F)2 is thought to con- 
tain three fused cyclobutane rings it would be desirable 
to know whether or not a simple cyclobutane structure 
has a plane or puckered ring. If puckering of the ring 
were confirmed, it would be reasonable to assume that 
the molecule of Cg F)9 has no center of symmetry. 

In reviewing the literature it is found that spectro- 
scopic studies of cyclobutane and of its fluorinated 
analogue C4 Fg have been interpreted as indicating the 
carbon ring to be planar. Dunitz 9) in the X-rey study 
of one form of tetraphenyl cyclobutane found the struc- 
ture to have a plenar ring also. He states however that 
an isomer of this compound may have a fourfold alter- 
neting axis of symmetry (Sa). However Livingston(14) 
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in a private communication to this Department has stated 
that preliminary evidence from the electron diffraction 
investigation of CA Fg indicates a puckered ring with 
unusually long carbon - carbon distances. 

Recently Mr. Fred McLafferty working under Professor 
Miller's direction has prepared octochlorocyclobutane, 
Ca Fg, thus making it available for X-ray studies. This 
presented an excellent cpportunity to establish the con- 
figuration of the four-membered carbon ring so as to ob- 
tain ideas of the probable structure of Cg Fy. 

Part I of this dissertation concerns itself with 


the investigation of the structure of C4 Clg. 
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EXPERIMENTAL PROCEDURE 


Preparation and Mounting of Samples. 

AS remarked above, the compound was prepared by 
Mr. Fred McLafferty. Essentially the synthesis consists 
of chlorinating butadiene to give a chlorobutene which 
in the presence of Al Cl4 at 100? C. gives several 
products, one of which is C4Cla. The material is sepa- 
rated and purified by recrystellization from methyl 
alcohol. 

A portion of the sample was dissolved in benzene 
in a small test tube and allowed to crystallize slowly 
overnight. Clear flat needle-like crystals were obtained 
which when examined microscopically between crossed 
Nicol prisms showed continuous extinction parallel to 
the needle axis irrespective of any angular rotation 
about this exis. Nevertheless, it later appeared that 
the needle axis was not the unique symmetry axis of the 
monoclinic crystal. 

A needle approximately 0.3 ma. in diameter was 
mounted vertically on the goniometer head such that 
the needle axis coincided with the rotation axis. Since 
the compound has én appreciable vapor pressure it was 
necessary to dip the crystal in a solution of Canada 
balsam in xylene to form a protective coating which 
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would prevent sublimatíon. ¿rior to photography coarse 
adjustments for alignment were made on a one circle 


goniometer. 


Photographic Recording of Diffraction Data. 

Oscillation photographs were taken and the method 
of Hendershot 12) was employed to align the crystal for 
use on the Weissenberg instrument. The oscillation 
pictures indicated a spacing of 6.3 R. along the needle 
axis which was tentatively designated as the c axis. 

The zero and four higher layer equi-inclination 
Weissenberg photographs of this crystal were obtained 
using Cu Kx radiation. The observed symmetry of the 
X-ray diffraction effects was Cop -~ 2/m with the mono- 
clinic axis lying in a plane normal to the needle axis. 
Only (OkO) reflections for k odd were missing. The 
following space groups satisfy these conditions: 
c$ = pe, or C2, = P2,/m. The latter has a center of 
symmetry, whereas the former does not. 

To obtain sufficient data for structure analysis 
it is necessary to observe reflections for rotation 
about at least one other axis. Since the unit cell 
is monoclinic, the unique axis which lies in the cross 
section of the needle-like crystals could be located. 
Sections perpendicular to the needle axis were cut out 
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using a sharp razor blade. The approximate orientation 
of the monoclinic axis was known from a comparison of 

the symmetry of the reflections obteined on the original 
oscillation photographs with the crystal position. Again 
oscillation pictures were used for alignment and the 

zero and six upper layer equi-inclination Weissenberg 
photographs were obtained for rotation about the mono- 
clinic axis, b. The triple film technique was used 
throughout. 


Lattíce Constants. 

The lattice constants were determined from the two 
zero layer Weissenberg photographs (i.e. around b and c) 
upon which reflections from NaCl had been superimposed. 
The monoclinic angle was determined by the method of 
angular lag as described by Buerger ?! and by direct 
measurement on the zero layer b-axis film. Final values 


are: 


/# = 1079.45" 


Molecules per Unit Cell. 
Although no pycnometric density has been measured 
for this compound, it was reasonable to assume it roughly 
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as 2 gm./cc. The volume of the unit cell is 509.5 2? 
Thus from the formula 
» 1.660 πΜ/Ν 
where n = number of molecules per unit cell 
M = molecular weight 
V = volume of unit cell in E^ 


we get, for n=2, an X-ray density of 2.16 gm./cc. 


Measurement of Intensities. 

The reflections were indexed and the value of sin © 
for each spot was determined graphically from construc- 
tion of the reciprocal lattice. The method is described 
by Bunn. (6) Relative intensities for each film of each 
layer photograph were estimated by visual comparison with 
a calibrated intensity scale having spots of a size com- 
parable to those appearing on the films and with the 
following range cf intensities: 
2:3:5:6:9:11:13:15:19:22:26:30:33:40:42:43:50:57:64:76: 
79:82:88:100:118:130:139:145:147. 

The value of 2 indicated a spot that was just visible 
whereas that of 147 indicated near saturation. The use 
of the triple film technique permitted a good estimation 
of intensities over a wide range. The values obtained 
were corrected for the Lorentz and Polarization factor 
and the Tune11 119) factor where applicable to obtaín 
relative Finkel δ values. 
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The zero layer Weissenberg photograph about ς was 
taken as the standard film and by careful cross-calibra- 
tion all relative IFicgl ° were reduced to the common 
level. The factors by which the observations from the 
respective fílms were multiplied to reach the common 


level are listed below: 


cl 1.18 b, 4.15 
co 1.23 b) 1.52 
C3 1.82 b, 1.54 
Ca 2.86 bg 1.25 
Da 0.95 
bs 1.43 
b, 1.43 


where the letter denotes the axis of rotation and the 
subscript the layer line. 

The effects of absorption were small enough to be 
neglected. | 
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DETERMINATION JF ATOMIC POSITIONS 


All summations described here were calculated using 


Beevers and Lipson(2) strips. 


Patterson krojection,P(X,Y). 
Since hkO data were first available the Patterson 
projection ,P(X,Y) on the (001) plane was made. 
For the diffraction symmetry for this crystal 
lFnxol? = [Fnkol? - [Fako]? = |Fnkol ^: 
and it can be shown that 


=> 


P(X,Y) = 4 AA $2. ma? cos 2*hx cos 2«kY 
> 2 
+ 2 |Fhop|” cos 2rhx 
2 ግጫ Foro! cos 2XkY + IF oo! . 


This projection was used to determíne with which 
of the two space groups, P2, or p2,/m, the data were 
consistent. If the former is correct, P(X,Y) should 
have peaks at (2x, 1/2) for each pair of equivalent atoms 
in the cell as well as peaks due to vectors between non- 
equivalent atoms. 

If the space group P2,/m is correct, atoms lying 
in the planes of symmetry occupy positions; 
(e) x,1/4,2;X3/42. For atoms in fourfold positions there 


are the following positions; 
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(f)x,y,2;X,y9,27;x,1/2-y,z;X,y41/2,Z2. Vectors between 
equivalent atoms occupying twefold positions will give 
rise to peaks at (2x,1/2) whereas those between equiva- 
lent atoms occupying fourfold positions will give rise 
to peeks at: 

2x, cy 30, 1/2-2y ; 2x, 1/2; 2x,1/2;0, 2y4+1/2; 2x, 2y; 

2x,2y ;0,2y-1/2;2x,-1/2;,2x,-1/2;,0,-2y-1/2;2x,2y. 

The projection is shown in Figure 1. Only one- 
fourth the plane is shown since the other quarters are 
related to the first by two mutually perpendicular mirror 
planes as can be seen from a consideration of the Patterson 
function, 

If the centrosymmetrical group be correct and if one 
considers the orientation of a model of the molecule with 
respect to the symmetry plane, he should be able to predict 
the positions of compatible peaks in the Patterson. If 
the ring lay in the plane one would expect a strong. 
Cl-Cl peak at X=0, YzO.3 but such an orientation wouid 
give no peak at X=0, Y=0.5. If no atoms lay in the sym- 
metry plane the molecule would have to be oriented such 
that the symmetry plane bísected the parallel legs of 
the carbon ring. Again one would expect a strong Cl-Cl 
peak along X=0 but not at X=0, Y=1/2. The last possi- 
bility is that the diagonel of the carbon ring could lie 
in the symmetry plane. 
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If à scaled molecular model is so oriented and 
allowed to pucker it can be seen that the last configura- 
tion would give rise to two different Cl-Cl separations 
parallel to the unique axis. The shorter Cl-Cl vector 
would cause a peak at x=0 somewhere between Y=1/4 and 
Y=1/2. The longer vector would show up at X=0 and near 
Y=1/2. Such maxima do appear in the projection so this 
orientation of the molecule ís consistent thus far. The 
peak at X=1/2, Y=0.19 if caused by a set of equivalent 
fourfold atoms would also mean a peak at X=#0 y=#0.31 
(4.9. 2x=1/2, 2y=0.19 corresponds to 0,0.50-0.19 or 0,0.31) 
if ube considers the list above. Also, if the peak at 
Xsl/2, Y«1/2 included a vector due to the other set of 
fourfold chlorínes one would expect a peak at X=0, ሃ=1/2 
which indeed is obtained. The chosen position of the 
molecule thus fits in with the interpretation of the 
Patterson and all peaks can be explained. The projection 
is then consistent with the space group, P2)/m. 

It was possible to assign x and y parameters to the 
chlorine atoms of the molecule and by assuming normal 
C-C bond lengths to assign parameters to the carbons 
as well. These were; 

X 7 ኗ ሃ K y 

Cı +0.125 1/4 . Cd, +0.235  +0.092 Cl, 40.045 1/4 
Co 40.250 . 40.15€ Cl4 40.255 40.255 6117 -0.075 1/4 
C3 40.375 1/4 Cis «0.465 1/4 Clg 40.565 1/4 
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It might be well to describe the configuration cf 
the molecule as postulated. In the symmetry plane the 
four chlorines form an isosceles trapezoid. The perpen- 
dicular bisector of the bases of this quadrilateral lies 
almost along the trece of the plane x=1/4 in the symmetry 
plane. The four chlorine atoms out of the plane also 
form a trapezoid the plane of which is almost coincident 
with x=1/4. Figure 2 is a sketch of the molecule and 
will serve to clarify the above. The puckering of the 


ring can be seen. 


Amplitude Calculations. 

For the space group P2j/m it can be shown that the 
contribution to the reflection amplitude F),, from two 
like atoms occupying twofold positions is 

A s 2fa cos 2m (hx 4 Åz) cos Tk for k even 

= -2fa sin 2T(hx + £2) sin Tk for k odd 


where fa is the atomic scattering power of the atom. The 
contribution from four like atoms occupying fourfold 
positions is 

A = 4fa cos 27(hx + Az) cos 2 Wky for k even 


and A = -4fa sin 21 (hx + %z) 536 2 " ዩሃ for k odd. 


From these relations the following relations can be deduced; 
FEhk = Fggz for all k 
Fhkg = ሾ፻ከጄያ for k even 
Fnk * -Fpnkjg for k odd. 


11 




















e osas l d bs μα mujeres a Lia 9 #6፳4. ያ3 
a mila ናኙያዘሰው፣ Gap a) Aspal e. nlemiion ρω 
p... Na risas ss Cae) miedo Imot 
«Φε! rar ivi 5485 ου... 
puao ai κα Ῥία wr ve enezz eds የ46. 040664 
wals amig siè W ne mere wmads mot T πως 
νο Priis ti tabir ο... 
በ #3:ህ29.ሀ)፤ s“ 1 dajués « sí < equ «Aire dad 
E A dd - 

. of me ዘሠህ.› 


ጨ ፥ | ፅ 
ሽ 


rs | - 
— — 
o Joan να με τε. 
ολ λα, 
νο dina: Simoa one rad 6 


ALO ማሣ emis T Lu i 
=- ብይ 




















-— —  " πα 









,ከለፍ 3 995 quy ክቦ (5፤ 


| ሥሠመ መመሪ መሠ መመመ መ 
-=, 00. «መ | | 
*.4 0100 m 








e 4-fold A 
e 2-fold CI 


O kridd C 
መ 2-fold C 





SrETcH ος Μοιεευιε (εντεπεο 


iN Plane Yer 


Figure 2 











12 


Fourier Projection, f(x. y). 

Using the trial paremeters obtained from the inter- 
pretation of the Patterson, the phases for (hkO) data 
were calculated in order to make the Fourier projection, 


(ΧΑ), en (001). It can be shown that 


od σο 
` = — τί 
K fm 4 cn Fako COs 2 Thx cos 27 ky 
nz 


οὉ 


+ 2 =, Frog cos 2™hx + 2 ች። Foko cos ὁ πκΥ 
n > 


መሥ” 


co 


-4 ጀከጄ0 sin 2 Thx sin 2 mky 


EL ο ο 
hal kz2n4i 
n > 0 


(neglecting constant additive terms). 


The projection is shown in rigure 3. The positions 
of maxima were not too well resolved, but sufficiently so 
to confirm the postulated model. Chlorine peaks super- 
impose to some extent but are clear enough to obtain pa- 
rameters. Carbon peaks are lost in those of the chlorines 
so carbon positions must be assigned from consideration 
of known C-C and C-Cl bond lengths. Atomic coordinates 
now became: 

X y X γ X 7 
Cj +0.100 1/4 Cl, 40.238 40.095 Cl, 40.0398 1/4 
C2 40.234 40.159 Clg 40.245 40.020 Cly -0.080 1/4 
C3 +0.383 1/4 Cda «0.470 1/4 Clg 40.568 1/4 
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Orientation Along z. 

At this stage, x and y coordinates were fairly well 
determined, The next problem was to determine positions 
along z. In effect there are two strings of molecules, 
one centered at x=1/4,y=1/4 and the other at x=3/4,y=x3/4 
but the orientation along z of the one string with re- 
spect to the other was not yet fixed. Then too there is 
the question as to the orientation of the trapezoid of 
the chlorines in the symmetry plane. The projection does 
not reveal whether the long or short base is most ad- 
vanced along z. 

In an attempt to resolve these ambiguities, reflec- 
tion amplitudes Fioof) were calculated for motion of the 
molecule along z with a chosen orientation of the trapez- 
eid. Since no agreement of the calculated amplitudes 
with those observed was obtained, the obvious step would 
have been to reverse the molecule and again compare 


amplitudes. 


Patterson Sections P(O,Y,0) and P(X,1/2,Z). 

ÁA better idea presented itself however, If one 
calculates the Patterson section Ρ(Χ 1/22) he obtains 
peaks resulting from vectors whose Y separation is 1/2. 
For atoms related to each other by the screw axis, peaks 
should appear in the section at 2x,1/2,2z. Since x 
parámeters are known, one would then be able to determine 
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z coordinates from peaks that are sufficiently resolved, 
There will of course be peaks indicating vectors between 
noneequivalent atoms lying in the symmetry pienes. 

The sections were made using relative [Fink el” values 
divided by an arbitrary temperature factor 
e -9|sin9)* to sharpen up the peaks and to improve reso- 
lution., ^t the same time it was decided to compute the 
Patterson line section P(O,Y,O0) which will give peaks 
corresponding to vectors which are parallel to the unique 
axis. For the molecule under discussion accurate separa- 
tions of fourfold chlorine atoms shouid be observed as 
indeed they were. 


Ihe line section may be expressed as: 


P(0,Y,0) = wasl" + 2 By + á S By cos 2 TkY 


oo 2 oa oo 2 
where Bo » 1/2 = |Εμορ| + 1/2 — ¿Es nop! 


By=1/2 |Foxo| * P Ζι | aro!” + k c Faxa] : 


Figure 4 shows P(0,Y,0) for C4Clg. It was only necessary 
to evaluate the function from YeO to Yal/2 since the 
letter point is a center of symmetry. 

The peak at YsO arises from null vectors for each of 
the atoms in the unit cell. The peak at Y=0.325 must be 
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due to the shorter fourfold Cl-Cl spacing in the molecule. 
Thus if | 
1/2 - 2y » 0.325 
then y = 0,083. 
The peak at Yel/2 is associated with overlapping peaks 
resulting from the longer fourfold “1-21 spacing. If the 
single peak is resolved into the proper component peaks 
as shown by the dotted curves in the fígure then 
1/2 - 2y - 0.466 
and y = 0,017, 
The small hump at Y = 0.207 may be a spurious peak resulting 
from the “sharpening up" process or may actually correspond 
to the expected fourfold carbon separation of 2.2 ብ if 
1/2 - 2y = 0.206 
then y = 0,147 
At any rate, good y parameters may now be assigned to the 
fourfold chlorines atoms. 
Returning to the section P(X,1/2,Z) it can be shown: 
P(x,1/2,2)= ኮዕ00| “02500 + á É Bag cos 2 ΤΗΧ 
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where Boo = 1/2 „> [Foro]? 


<A 


P k 2 
Bho = 1/2 |Fngo |” + Z (-1) |፻ከኒዐ! 


β μ΄ = Bhl + Um 


8?*ከ0 = Bhi - 8፳፤ 
and Bhi = 1/2 ከ61" 4 2 (21)* Fink tl - 


The section is shown in Figure 5. It is apparent 
that peaks indicative of vectors of X = 2x = 1/2, of 
which there will be many arising from the fourfold atoms, 
all run together so cannot be clearly resolved. However 
by considering the x parameters of the twofold chlorines 
(i.e. those in the symmetry plene) it wes possible to pick 
the proper orientation of the trapezoid they form and to 
obtain their proper z coordinates. It was established 
that the short base of this trapezoid was most advanced 
in the «z direction and the proper orientation ís as 
shown in Figure 2. Parameter values available now are 
listed. Small changes in x parameters have occurred as 
a result of including all the data in the summation. 
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X y " 

C1 40.108 1/4 +0.238 
C2 10.250 40.147 «0.230 
C3 +0.392 1/4 +0. 362 
C11 40.245 40.088 20.035 
Cla +0.238 40. 017 430.425 
Cls 40,470 1/4 40.655 
Cl, 40.038 1/4 «40.488 
cl, 20.078 1/4 -0.017 
Cla 40.568 1/4 40.225 


Fourier Projection fAx, a). 

In order to obtain better x and z coordinates the 
phases of the ho Á reflections were calculated and the 
Fourier projection P(x,z) on (010) evaluated. Here 

c^ oo 


K/(x,2) = Fogo + Sá (፻ከ01+ ፻ሽ0፲) cos 2 Thx cos 2 TÍz 


Ta Fhoo cos 2 whx 
hel 


- = A (Frog ~ Frog) sin 2 Thx sin 2142. 


There was some superposition of peaks corresponding 
to twofold chlorines in this projection and carbon maxima 
were rather fuzzy. The fourfold chlorines were well defined. 


Atomic coordinates were obtained, phases were redetermined, 
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end the Fourier function re-evaluated until no sign changes 
occurred. 
the unit cell along the unique axis. 


twofold chlorínes is evident. 


Figure € shows the projection of matter in 
The overlap of the 


Atomic coordinates are now: 





x y ሯ 
Cl «0.100 1/4 40.233 
C2 40.238 «0. 147 +O. 252 
C3 +0.378 1/4 40, 338 
cl; 40,244 40.088 -ο. 008 
Cl, «0.238 40.017 40.423 
Cle 40,467 1/4 40.636 
Clg 40.012 1/4 40,458 
Cla -0,092 1/4 -0.003 
Clg «0.572 1/4 40,255 


It may be well to note that coordinates given by 
the projections f(x. v) and P(x,z) cannot be considered 
as final. The X-ray photographs of the crystals show 
several reflections of considerable amplitude at high 
values of (sin 9)/A indicating that the Fourier series 
will be slow in convergíng. To obtain the best set of 
positions all the data must be used and even then there 
may be errors due to non-convergence. This point will 


be discussed later. 
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Fourier Sections βίκ, 1/4. 1) and /ዳ3/«,ሃ,5)› 

It ís partícularly fortunate that half of the atoms 
of the molecule lie in the symmetry plane y = 1/4 and 
even moreso that the other half lie almost exactly in 
the plane x = 1/4. Thus by taking sections through the 
unit cell at y » 1/4 and st x = 1/4 good parameter values 
should be obtained. This is particularly true since all 
reflections are used in the syntheses. 

The Fourier section p(x,1/4,2) may be evaluated as: 


Kf(x, 1/4,2)=4 E > at cos 2Thx cos 27 Kz 
gel 


- > 7 Al sin 2Thx sin 270% 
hæl Q =Í 


44 Ze Add cos 2T Íz + 4 E αλλ} cos 271 ከጁ 


-4 X 8. Bl cos 21hx sin 2£z 
hel Καὶ 


-4 A ptt sin 21hx cos 2Tkz 
hel {æl 


<a > ptt! sin 2Trhx -4 2) pli gin 2: , 
hel m 


(constant additive terms are neglected) where: 


4 = 1 E + F: -1 
/2 (Faol + Frog) + din (Fak( * FRi ) (71) 


n2l 


k/2 
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11 = en k/2 
ል = 1/2 (Fnol” hof ) * ών (Frege Εκει) (51) 3 
28 nzl 
2 
A111 = 1⁄2 Fool + <a Fok (1 Y a 
ach 
nzl 
cx 
2 
A 1/2 Fnoo * m Fhkg (-1)” , 
xn 
nz 1 
ነቤ 
D^ s (F + Fiyo)(sinTk ) , 
k=2me1 "ki * “hk T 
nzo 
11 D 
Vos >. D - Fr,o)(sin Tk) , 
kzzZn4l ሐ ከኒፈ 2 
nz 0 
111 = 
B = = Fisa (sinTk) , 
"wg hkO . 
n= 


8-33 = RA Fox ( sin ze s 
nazo 


The section in the plane x = 1/4 may be evaluated 
as (neglecting constant additive terms): 


oA 


Kp(1/4,y,2) = 4 cn 5 = (Figg + Fig) eos Ih 
nz n2 


+ Fol [cos 2Uky cos 2π{α 
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o o2 
+ 4 z "d (Eng το cos Th + 1/2 roos | cos 2 Tkz 
λα 2: የ ) T 
«ὁ < + ka (F «Fi eos Th sin 2UWky sin 2T áz 
Okk hkl t” hki y 
k=2n+1 U=l AL 2 
በ>0 73 


#5 3.2 

-4 ο. (Fx. )sin Th 

n el —— ከኔ፲ hkí 5 
iz 20 


oc 
+ Engl -F£olısin th |cos 2 Tky sin 27 82 
e ) 2 | r 
nzo 


ከ. 了 in Th 
w la ፌር ከኗኒ Fx? Sin * 


nzo n20 
三 í 
+ F (sinir h) | sin 2 Wky cos 2 TKz. 
h=2n+1 -- 7 | 


The two Fourier functions were evaluated and appro- 
priate parameters obtained. Phases were recalculated and 
the final sections are shown in Figures 7 and 8. Contours 
commence at 25 and are drawn at intervals of 25 units of 
arbitrary relative electron density. It is readily seen 
that the carbon positions as given by the weak carbon 
peaks will not be very accurate. The contours for all 
atoms were redrawn on large coordinate paper and final 


atomic coordinates obtained in this study are; 
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X 
40,100 
40.242 
40.378 
40.243 
40.237 
40.462 
40.022 
-0.084 
+0. 364 


1/4 
40.146 
1/4 
«0.091 
40.019 
1/4 
1/4 
1/4 
1/4 


z 
40,246 
40.264 
40, 334 
“0,005 
40,425 
40.638 
40.465 
-0.006 
40. 282 








COMPARISON UF CALCULATED AMD UBGERVED AMPLITUDLS 


In order to compare calculated and observed ¿mplitudes 
as a check on the validity of parameters obtained, the 
effects of thermal motion of the atoms must be considered. 
While not completely satisfactory an isotropic temperature 
factor of the form ,-B 510.6)" (where 5 must be deter- 
mined) may be used to multiply the amplitudes calculated 
on the assumption the atoms are at rest in order that a 
comparison may be made, This is the usual practice in 
X-ray work. In addition to temperature factor deter- 
mination it must be remembered that observed amplitudes 
are on a relative basis. Thus a factor must be deter- 
mined which will correct them to an absolute scale. 
Mathematically then: 


-B (sin ϐ) 2 
K |Fons.| > [Fealels (ein 9) . 
This may be rewritten in logarithmic form as 


In lFeale [= 1n K +* B (ain 9)* 


|S obs. | 
which is of the form paño, an equation of a straight 
line where b=lnk and m=B, The method of least squares 
was used to determine best values of the slope and inter- 
cept of the straight line. It was found that 
κ - 2.87 
B = 2.97 À- 
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when the 592 forms were used in the calculation, 


Table I lists ( ) e-3(ain 9)” and 2.87 Fobs. 


Fcalc. 
2 


for each reflection; 





TABLE 1 
Fak Å Fhk Í 

hk Á Calc. Obs, hk Í Calc. Obs. 
020 -29.0 35.0 300 - 9,5 11,5 
040 447.6 53.9 310 421.6 25.0 
000 -34.1 37.6 320 - 4,2 4.0 
080 430,4 31.5 330 420.6 24.1 
0,10,0 - 9,8 4.9 340 - 2,5 0 
0,12,0 416.7 18.3 350 411.9 12.3 

300 - 0.2 Q 
100 + 4.2 4.6 370 - 3.1 0 
110 -25.5 28.4 380 - 1.9 ዐ 
420 + 2.8 3.4 390 + 3,3 ሀ 
130 -30.6 32.7 3,10,0 > 0.7 ο 
140 + 0.5 ο 3,11,0 + 3.2 2.9 
150 - 8.3 11.5 3,12,0 > 0.9 ο 
160 4.0.5 Ό 213,0 + 7.1 6.0 
170 - 1.1 0 
180 + 0.4 ο 400 438.1 45,6 
1,10,0 + 0.5 0 420 416.3 18.1 
1,11,0 - 6.2 6.6 430 + 4.0 4.6 
1,12,0 + 0.2 0 440 + 2.6 5.2 
1,13,0 = 6.6 9.5 450 + 2.5 0 

460 - 2.5 O 
200 118.6 18.7 479 - 0.3 0 
210 + 2,2 2.3 480 + 6.0 7.2 
230 - 6.8 8.6 4 100 4 4.3 4.6 
240 + 27.9 32.1 4,11,0 + 1,3 ο 
250 + 1,4 0 4,12,0 44,5 4.3 
260 -20, 24.ἱ | 
270 - 8,8 0 500 + 8.2 9.9 
290 + 0,5 0 520 + 6.2 4.9 
2,10,0 -18,2 20.7 530 -15.8 16.3 
2,11,0 - 1.9 0 940 & 1.4 0 
2,12,0 ፋ 3,0 0 550 > 5.7 9.9 
2,13,0 - 0.2 ο 560 + 1,4 ο 
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TABLE I (Continued) 
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TABLE 1 (Continued) 





Calc. 


1-51 
pos 

. 

ወ 9 6 & 
© Ph 


BRBCOBUBUU NRAN 
e ο 
ሕ፦ርሁልዉኮክቪ:)ዌጩይ >ላነኃ NO WOM 


t + t + t + + + + + 
9 


™ ኢን ኣን ይ. ር” 
e o 
Sycne Orceews 


CON 3JOD ONC 


11100441509 
89 9 95 e e 


+ tt tr Í 


27 


= τό 
- is 
. Io 
GD ye 


o,0000 ooooo 
to 


ο 
4 
ር.) 


run 000 
ኢኔ =1 ሩር: ላሂ ogo a 
CORSO NOG 


TA 








ዙ 
ንጽ ህና © 
" ?*«* €* 


anas xeud 
<= < >o 


(emanbfész) i Lug 














24200,4009 TIU eM “AS 









28 


TABLE 1 (Continued) 








9 q a e4 Q 99 CO ሥዳ “4 ርጋ ሆነ O «Ὁ NORD ag 0 o Qus OO ውሣ” Nw 
“í 9 ፄዩ 9 9 ቅ ο 96 9 . ^ € è ç? ο 59 e e 9 9 Φ 9 9 0 ° ° 5 e ο 
A co à «e Q el Y 09 ዛብ © ~ የናየጣብሣይመን ናፕ WT ሎ y MON Ot NON Ho 
© o m~ N FAAA - ርጋ ርጋ “ርጋ ር2 - “Nxt ርጋ ጋረ O የ) ‹ሣ ሣ+“ሥረርን3 7 2 
51 ሎ ላዳ ዐር ውጅ i0 O0 0) O S P- “O Ni m mH =. "ዙ ሄን ን ሄን O QOL O e v. OS ο (OO 30WwOo0o 0 
o 9 ο οφ 9 9 ቆቄቁ ቁ 9 ዓ 9 9 ዓፄ 6. % 9 9 9? ο e ፄ ቆ è ቄፃ 9 9 9ዊ 9 9 9 9 ° 
e4| GPPAN 0 =4 Q O @ OQ — = ὢ ‹ም ዱ ሀ) ው. ዊ ሆነ ሠ4 ፍቅ ርጋ ‹ዓ ሠ4 ርኮ .ሪ ር4 Q0 CN «f C4 4 €0 O 000 ο. 
fó | e ed CN Y ds NY ሥተ =~ — መቁ “4 oA NIN” 0 cd 
o + 1 1 ተ 4 +ጎት 18 ተ + ተ 1 98 ፥+ 1 1 ተ ቀ + ፡ + 14 4 ተ+4 4 ተ 4 ተ 1 1 1 1 € & + 1 1 ተተ 5የ 50 
51 ‹ዛ — O y 4 Pro FIL ge | NO PO DONDO ο MN 
alo o + O REDET Ora Booda M N 
ኒጋ <= ጋዕጩዕር ርን ooog O9 OOO S. a © ቀ NND Oe 
a man 30200 ANM ABO O Nao D oc eO ISO O N O q q O SAAN 98 “5: 
| ON «αν ር3.#ር3 ሄነ የዓ ርን ርጋ ነ “‹ 4. ‹ዛርረጋዊ0ውናዣ ሻ-46)(ዛጣ ም O) O Q .2 63 69 ‹4 ‹4‹3 ው ናህ 
3 | የን - “4 < e wo 一 
O 1 9 b ፡፤ 46 9 * ፥ «* 8 14 ዯት 1 1 ፥ + + + + + + + + + #£ + + + + + + + + + 414 ተ + ϐ 5 





hk Á 















8 4 8 8 P3> ‹ጪቪ*ዬሄጢየ፻ ሉያ የያያያደኝያጽ፡ቲዳጂ። 39 
3 . > - 





202020 ono 


52 


3 





vo e... 


(bead wo] P o1 


TO 


A 


"Omoo <= = — m 
re + G 2028264 ον Man 4 
> 





91 4D ui ee 0 O ማዮም ο ο. ο o C4 σσ ου mf DO O Z Qt 
e Al 24o«00 «40 ena «4 20 2 D wNoOOoOoocos o woo 
ad Ya 

SI RAA 200 o 3.00 0009 “ብ Q 00000 O~ 


የዛ ዛ 65 4». 05 የ4 ‹ጋ TRON Q Qv D P» 00 Qr q + 00 .2 2 Qv O^ 09 N 60 60 00 ጣነ Ὁ Οὐ 
os 9 8 


[e] e ο 9 9 E í 

SI ለጠ3-45ወሁፁ (9). HOLM ፡9ጤዕ6ዮ።ጩ%ዮዙ - 9o 
2 Gi Ni መዛ ርጋ 一 | - 4 ሥብ 
s ° + 4 ተ ታት 1 1 ጥት ı ++ + * 1 ት +1 ++1 ++ t * # + £ + |l 1 4 +1 + + ቅ 1 1 1 ተ 
ር 
ኣማ 
ቀ NANN οὐ NNN 
c ea a - ፍ 6 ቁ 
O || (104 ር 0ህ ር 04 0 ርህ ሮዝ ር መ ሠ4 “4 | የ4 የዛ ቦዛ ሮዝ ርዝ ርህ የዛ ሮ4 ርህ ርዝ “4 - ር ዐቋ ርዛ ርዝ ሮ4 ርዝ የህ ቦህ ርህ ሮዝ መ ሠላ መ4 Neo 
< xl ‹(32‹“ሣ(/ሃ‹ሻሄሃነ ሑቃኩጮመጩወውይም 5ο ο = ο ο ο τν መቂ (ሣ (ἢ DD XDD a o a Sa ox 
2 <= 1 11ና1ና|ና|ናተና|ዛጓባ1ዛሻ|ዛና|ፃበጣተዋጥ፦ና id uu au doi uan ሄን ዛን Bine μοιώμομοιομῶ Ὁ 9 Ὁ 
a) 
፦ባ 
< 
8 

2 ዮ9. ብ +00 o 63:2 949 ‹3 33 ውሎ  ርዛ «ο Rows 

e 9 6 9 9 
a no ro see y «DO dowd On) t 63 nao 
^io 29562 oo oo 3 $a ono” co Roo 400000 


soo ዛሠዳ ም. የዓ የዛ ዊ ና ‹ጋ የን ርጋ የን ርጋ ጋ C 45 d» €D 6D 09 «£O P- €0 C4 O - @ የ40) የን ህጋ 2) 46 ሥ “ፅዮ D 
AF Y AARAAODALONAMO f“NODMDOWTCNMNOP ç t= @ ç ሟሟ መ መማርን ዘ 
CN eR es oi N NN ex ምግ መብ 
ቀ 1-54 41 +1 81 ተ1404(4 1656 1ት ++ 8 +1 4 4 +ትተ1 6 ተ 4 + + + š + + l # + + + + 


o 
ጫ 
“Ὁ 
Q 





y 


kamati 1 EMT 
. ወልዲ. 


š 5728፳፻፻5፪፻725 ws 
18 de u 





m a > 


8 ፣ 8 3 See 
n > w fe Q 


ሸማቂ ሞም 1 


~ ate ὦ 









9 
=. ef dcs d DP 


a l 
ዘዳ A 


iii ud? ane 


. = 


- ADAME οσοι 65 


1 δι new 


-” πο mm m poe 


111 14 1. 


s 


Sodod 44 


"ua 638 rr? τα 
4 

















S223 











uda vem e a 


22262252273 


"aqq መዳ q. e ቁባ 





[i0 220 ο N e SNDNO TO DO FNRAFAN ው 
ጋ 21ው4ዛ53 ወ o τ ንዛም ህዛ GO NE mooosgm O 
9 καὶ 1 Ον «ἡ 

öl A mo O oo 00000 O 0000 OH 253000 τ. ἃ ο 


9 ° ° 9 9 9 9 eee 


a 
ፌን 9 9 ° ° ° . ο 9 ቄ 9 549 9 
~ ጩመጠመ1ው ቻሕ‹“ር)3ር3ዉ3ዊሻር3 ποσού rn 0 4 ህ ὢ ον οἱ 66 ናን የን ሠ4‹ 69 ሀ) 60 ው. ሄን (1 “4 “4 “4 
τ © cM cS NA e c o4 CN c 
ὦ (እ1 ተተተ 8 ++ 11 ( ተ+ጉ+ት1 + h 8 +1 18 ተ ተ1 111 1 1ተ1ተ1+ .111(1(11+ፉ+ታ 
ፎ 
v) 
ጎጋ NAN OW ናን ናገ የን 
5 y Nm Onn 
OQ < E 
O S 4.64 64 64 64 (4. 4.64. QNOLONLANLQNI. 4 NI ο μις t) c? cç c m m om m c e qa (O0 09 00 (D 0 00 C2 09 
<- «Ce an 2228 OA NONE? ሸን ሠጋ e που δε ντε . ΟΦ οί 
E μοιοομοιοιοιώμοιῶ IOMOMOMOMOMONOS - 41213013 ΟΟΟ QOOOOOO e “4 መሻ “4 መ4 “4 መፃ 
2 
« 
he 
οἱ οἱ N E nn NO D odo oO t ምሎ :;ጋ ሠ ኩሎ ο g e 02m 
210 ን . q NO ርን OD ወዛ ὦ «ος 
à iuo ሄን መ ago ῶ« τ ες l0 
OQ OO O NO O OO O -ι O o o © መዛ ‹ርጋ ርጋ o o ο o 
. Ωσο.οο 63 4-9. ርኃ ሄን ዮ” .2 (ም. ርዛ የዛ መዛ ርን ANNO OOM c4 Q O0 XO x t የዛ NANDOON 
v ο O Ọ ® ο 9 ο 9 ο 
። CONN nN ο ο οὐ 64ዮ- (3.9.4 κοπο ο) ο) -ἡ σ' ὢ - οἱ ὁ OMMIANAN TOTO O m NON O 
{>i 6 í lÚ ει + ( 8& & ተ 6 1 1 1 1 € 9 |; + 6 ትተ oes) 46064484 +tt + + Í 
NN 
So a 
O 一 
N| NANNAN ANANANNANAN NARA NNNNNANN 
ID om Da λα τό O — Q ‹ዓ ዳ NOE 
ድ1፡ሠ፡፡ወ οώ [2F2312I ANOS ODD FPS m r r= = = r= = 








(ADRAN ROn i vtl 











8 5$ jP A, t "" VL" 4 ዛ ጻ 8 NW > 


12915} SEPA 


ο ο» —— — 











a0 9 a" eae” ጋ 


a 
“4 IT . 444 e 











ο. αν, """»? *t 8:ሌ፤8 4 
mn ቁ. ኤሉ. “ጋብ wo. 
‘karir Gaii GW de 了 





cO πα. . ag P 
"3ad ο « n. 


«2c > ` A < 


“ወጣ 





= elc o m ARNM NOR o OND AN 9 ው νον ο 
e Als σος N THO ONMO 2 TIM OM QD N "TITEL 
DD ON o-ooooo ANAOA 000 o 22 00 መ “4መመርጋርን 
ት ዮ 65 ዮ ዮ የን የዛ ረ) ዊ ርጋ ርጋ “ላ ርጋ 63 04 ሄነ 65 D eO ናዊ 66 O ὦ O @ q ጣ ው የን ሻ 200 -ኃ 65 MON ወ 66 ነ ዊ ‹ዛ ሄን 
. 6 ο * e ο ο 

* 4 d n6 Qi ON NL O0 05 « (0 — ርጋ 0 0 0 q MO O1 QuoOooOno-dosd ‹3ኩሎዮ ‹(4ጮ:4ወ: 

ዌ ὁ - መዳ የዛ -« “ግ “ጫ  ሥሓዳ ሥብ (የ 

5 0-4 RRYIETT.R EL 1819171971 ttl ο "ατα, 

E 

‹- 

š e o nom ነዓ 

O a a a @ ወ - 

8 Or DAN oO 

(3. | oca mey e e 44 Οσο ολη “4 ዮን ሮን ርዓ የን ሮን ርዓ የዓ ሮን የዓ ዐን ἡ € ርን የን ‹ዓ ‹ዓ ርን 00 ን 
E 224582368 amO ο » መ NODOS" rs... DOANGYNSPrORA  ርጋሥ((ግ ዐጣ ዘን oF 

* €? €) 00 0 09 00 ናዓ የባ @ ርን ናን IIOP IIE poko FJJ YFF ivgivisivivivivi< 

uj 

mm) 

x 

P 
4 OFTON ወጋ DAMA ο e TO „nm no NO 
ዳ STONO «x qç N os r eo ON [4 
100000 O ANH σου oo መዛ “ዳኣ መዳ መዓ መዳ ርጋ ‹ጋ ‹3 - ርጋ ርጋ ርጋ 836599599556" " 
¿OH «X ‹3.: 69969 2.2 09#ሀ) % የን የዛ -3.. የናንዮ 63 ዊ ዮ ህገ ሠጋ የባ (23.-2 90 የ4 - ርዛዝን ው. የዛዮ- የዛ ሄን ዊ የዛ የን የዛ ርኮ የዓ 
A| OONN ሎ ህቤ ው. 62 ፦4ር3 ርኮ. ር3 “4 ና % ርን ር3 ዮ የን ንዳ ው.ዛ የ4 ዊ ‹4.: ር -4 የን ሠ4ሥላ የዛ የዛ ዐዛ ርዛርዛ4‹4‹3 ና ዮ ርን 
% aN 一 一 A “ሜ ሥዓ መዳ መዳ መዳ ME —— —— own 
Ol 1*3 eee eee eee een 19114-19111 QVAT- T9871 





hk X 











Yp 22 (2 dé 





Εαν IE 





ἱ ο, αυ. ο. ο. ο) ω Ορ Qo ~ 0) e SAN ህን ሄን E" 
“ን Ba ο e) NON o saan 3 no 3 Otro ow ዛና 
ፍን 2So00 2 ዋ OO 0 ጋር oo ዳ (3. ርጋ “‹ oO o oo o 


20 N- 390 NO" 000 Q4 w «09 ዮ- Qi ete 4 OF Mo“ “Dona e C4 0 O* Qvi © 





ህ e @ 9 ዌ 9 5 »9 ወ 585 5 ዊ e. ο 9 9 ^ ϱ ο) ο 9 9 9 0 » 58 

= 4 WNHOVGOQ Ne~ geerd SL ο) οὐ ሞዳ ርጋ ዊሪጋጣጋን HONS mM O T —4 O O 

er 

s ኣጋ 3 ει Ë ++ ++ ç + 1 ተ1 14 1 ትተተዩ + +8 δι + 8 1 +8 +++ +++ 

ፎ 

ሠ 

ር 2 

9 o 

ኒያ NINA 

— DOM OD ο 

m Fl BAA 

ud 

“ማዳ 

መቁ 

ይ 
5 900 τ “Ὁ σον ο σὴ y N > ο YO DD 
ወ e. ዊ 9 9 . a ° ° ° ο» » 9 59 
Aj 3h62 e ο ως οἱ ο ὁ “ቁ o P ON ç 2ሻ ç 
O ወሮ "00000000 一 一 90000200 000 © OO Am - 
dl οώσώώ οσο ὦ ጋ DONNA SE AAD Q1 QOO 2ሻ“ሀሠን(‹ን Oo00 00 
ኒጋ 9 ቀ 9 6 ο 9 9» 9 9Φ 96 490 8 9 9 9 ዊ ዮ ቀ s © ዓዊ ዊ 9 9 9 9 © e 9» ቅቆ 9 8 
e| Qe 0e Qo — 00 O0 pt sq OO B OI + ç 5 9 Q q Ə O O O, ç O MNAONA ANNAM 
e ምጫ i “ሽዓ “ἡ e m exi 
ጋ 8658 + + + (€ š + ü ü 4 + + #!/ + ++ + ++ š +f 1 -ι 68 ++ i ++ +. fire + 

















ለ፡ዌ ፤፥ 1 
---. 
a ይድ ano 


" dug M -o ሁ፦ 


-ጮ æ- 
dd 


ü i 


SS SS | E 
EA EAS 





7 822353 5255255555 85 a 


‘errs. t °... ብብ 


. .. ote opan e 


DIE 
TORIS UST 





252292 











33 
Obs. 


cN O Y OMODA 69 ዘነ e (LOS P QN 


a ሎኮ ..:3 (Nq ቫ % —+ 
4 5 + 1 ት 16 ተ 1 1 


Calc. 


TABLE I (Continued) 
hk 


Obs. 


Om Daeg DOr 
9 ቅ 9 9 ο e ο 

የን 0 “4 Oo 
mt “4 


Calc. 


k 


9 9 9 
iO 00 00 6 «O0. ዘን ጋ “4 ርኃ .ጋ. ሪን መርጋ የዛ ናዓ 


q mA 


+ti++ 8 6 ,ቀ+ 1 1 1-ተ 8 46 ተትቀተ 8 


«à fO) 00 0S e IDON A020 

ss» 9 ο ο 9? ዌ ዓ 9 ὁ * 
g... ኢሔዜኤሬ.ሬቄቄ 
+ + + Í + + 4 + + + 1 8 


2 


x 
ወ 

O 

— 
a 


1,11,4 





ጃዌ ሎ ሄን መሥ ‹?› ሠላ ርይ» 0DoOorr = 

Ὁ 9465 9 9 ቄ 9 *ቁ 9 9 * 
NOD (N a @ @ O) — O X 
;¿ + j; + £ + ++ 9 5 





9 
y ጠቡ ሄን ሠ 
“ቁ ርጋ ርጋ “4 ርጋ ርን ADO 


e 9 9 9 9 9ቀ 95 5 
.2፡)(0ጋሣግሣጋን።ጋሮ) 


- 1.2 


331334 


dede tdt tht a] 


214 






1 


no. 


Ἐπ FHYLLIIA LEA 
Seat 











“ይ. “ = 14 An une 


2 š 
RR; T4 tice duc. 


ον 
00:03 EZ’ ye? p — ሚሚ ናላ ውው 


(^w VM 


>. “im... to 


dais 2594! 














, .υμ. 


3 Pm 





483449 4.55 εν ሃፍ 
Ate τω 44-4 


a... 
了 


E 





i 











u. 9290 
> ] 12124 ድ. 


ውጩ - 


"a 








TABLE I (Continued) 





"aw © ne o an e... “on. ° 
nqa N 4 o ርን «4 .2 66 ሆነ Ὁ Ὁ ο σν ὢ o 
at o o 395659oo ማም oo o ooooo o oo oa 


LINNAA DAICONNAN DOOM ο π---οΏ-νΝ-τ« DRONANAME NO 
` 6 4 9 9 9 ቋ < ο 9 
DIADON Y e e O +m OO ሇ 66 ርጋ Ad ALERAFOINON % ዓ.ዮ .ዕ 5 ዛ ‹3 49 ME 
‹(+ተ++1 1+ተ+ተ1 8ተተ1 (++ 1ተ ተ1+1ተ4ተተቶተ 1 13110712017. 
% 
o 
- “4 «t < + | 
555358 558355ቹ825።=ኛ55፥ 55 33353233533 3XX392932358 23 
ο ο  ὢ ὢ FF21212FOFOR21OLSORORS PP PEE Lee eee 
NO Doo00 ሄ O N Aa ovo 
DO % ç q OO G "ን ወ ወጠ -4. '2ዊ 63 
000 OOOO00 “Am መ4 መዛ ርጋ ርጋ ርጋ -4<ጋ ርጋ ooo” O OO sO 000000 
Or ‹2ዮዮ“፣ህነ ሄነ ርጋ r ሄን “ብ የን 69 ‹ኦ የዓ 0 ጮኩ 90 ዮ 3 ዌ 99-92 ይ የዛ የዓ ዊ ህን የ4 ና ሠ“ዛቫብ መዛ 63 ሥብ 
9 o ይ e ወጠ € ቋ 使 9 9 9 9 ο e ο ο 8 e ይወ 9 9 9 e ο - . 
NOONDANNNA 69 ο) αὖ ολο ὢ የዓ. 644 2 ር 65 4 N m OoOO NOVRANMONIO 
+ተ+ፄሂት49ተ+ተ1ቀቶቀ5+ ++ታ+115ተ+141 — +o + 5 tq 44 1811+ αὶ Ú + 
* <£ 


8638834338 $ x3 


33 ወ] ወ 
¡AUNAR IT 





3223122 











(መ፡፣7ያ28፡] 1 ataj 





11311111 








ad 








vor ERA +» andicamdas 24444322 
| 2,323. 4409 95244204 45À ae 





con. ὅποσο 33ο οσο” ασ» Tan 


us 
A De οσο 


1535332 — —— 


te. ο το ερ. κει 






‘tee 6 gas too 
- Q e ¡420 
PA s TA τὸ νὰ: A 








>» m Y = 


"ር ο ow 





- a” u... AT 


33 


TABLE I (Continued) 


ከኗቷ Calc.» Obs. hk Calc. Obs. 
924 - 3,4 ዕ 205 -16.0 16.3 
v4 + 1.1 2 235 - 4,7 ο 
44 - 4,7 ዕ 225 - 6,8 6.0 
245 - 2.0 
e 5.5 6.3 255 - 4,5 3.7 
* 2.3 ዕ 255 + 3.3 
- 8.4 ዕ 275 NP 
28% NP 
+20.9 30.1 295 NP 
-14,2 12.6 
* 5.5 4.9 - 7.4 11.2 
+10.0 9.2 -13.7 12.6 
+ 4,5 5.2 -18.0 14.6 
-10.7 11.5 +17.6 13,5 
- 6.2 5.2 + 7.6 4.6 
HP “11.5 O 
NP = 2.3 0 
NP NP 
NE NP 
NP 
- 5.3 ο NP 
* 0.2 0 
- 3.5 ዕ - 1.0 ο 
፥14,7 13.2 + 7.6 A, 
- 3.1 4 6 + 4,8 7.9 
- 0.6 0 9 4.4 0 
- 5.1 5.2 - 1.0 ο 
NP * 6.4 5.7 
NP + 6.1 7.7 
NP NP 
NP NP 
+ 8.9 9.7 «12.23 18.1 
+ 6,4 &.0 - 8.6 6.0 
+ 5.3 ο - 4.8 ο 
+10.3 8.3 ^" 7.4 6.0 
+ 4.8 3.7 - 6.5 6.0 
+ 6.1 4.6 - 7.6 0 
* 5.3 6.0 - 3.9 0 
NP NP 
NP NP 
NP NP 
NF NP 





ST Ple WE 








° ሄን Ον O 
LÀ í ° ° ° 
e Q ο - 2 ° k £ & 
Q 0000000 0000000 0000 O 0000 Z o0o000000 00000 
3 O "10053 0 i t- 09 ሄን የዛ om ሄን ረ. መብ ሮን 00 mennaan DE P. i. 000 
4 e ° ° 9 e 9 ` 9 9 9 9 9 ο 8 9 
3 = O PND y πο ο ώωοο 399 69 oro«oooQ NONE HAM O00 A 
9 ty 4 44:1 4 1 8 + ++ 1-ተ 5 + Ü (£ ++ ++ b t ü + 5 ++ 1 f ++ 8 + Ó + + 
ፎ 
ud 
43 
° 
W «5 1D ፓን ሃን ሆን ሆን ሆን HONN AOO N cs. S 383 22322 «ο 2 x< ጋ ጋ DD» sO / 
— ጋሪ O m N ο ያ ›ን O መዛ (ነ የን 4 ሆን ,9ህ. DOAN ና7 238% ጫጋ የጭ 8588383 83853 
ኣሰ fe i ie e gn IP n I 0116191912 [OOV OMON OS 2003923009 መዳ መዓ መዛ መዳ mH rd e o pr jr jaja 
ul 
-À 
3 
< 
bt 
° e 2000 om oro ο ο o m 
3 A A መጨ a a a OMO 30 d s 
3l oo"ooco£z 83 ooo >>> o o oo ooog??? Xoo"ooo 
9 0 O x CN 00 y N r ç % w Q w 3 መዳ መዳ ‹ም ‹ርጋ ርም po ~ G N AN N σος a OLD 
Q ° © e o0 9 9 9 9 e o e ° 9 9 υ 9 9 ፅ 9 9 9 . 9 
2 NAQANON ፳% ብው መመ $0 ç 9 i UN ት ወው።ና ወ፡4 ሚወወወቻጓመም 
C eiteaaws + 14 + ++ # 5 $98 94 9 $ d - + + + + + & + νι + 
ሄን 
ο 
<= G y ñ G NOM OW AS 
xX} BGANMYTNIDE OANOTFOIRODO « 
ZI ዛና ዊ ና ና ጣ ና ዛ- 1|ዓ1[41%1%1ዓ1%1[ዓ1ተዓ1ና41)% 














esentee MILIUM 16541 «αφ. ἀπ“ 
| Mime migi 





ዘ የ ያ ñ bhi -ቴ ዬሄ Laos M — ' t .. 
su. T >" . += , | 
' 2229223 ¿2242 idoa ue Š 


2010400 0002095 $7999 “ἈΚ 








—. 7 








TABLE 1 (Continued) 
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hk / Calc. Obs. hk / Calc. obs. 
027 * 6.8 6.0 407 + 7.1 9.5 
Q37 * 1.5 0 417 - 2,5 0 
047 - 0.6 Ö 427 + 9,8 5.4 
057 + 0.1 ο 437 * 3.8 ο 
447 - 2.4 Q 
107 + 6,4 9.8 457 - 4,0 ο 
117 - 4,1 Q 467 + 1,9 0 
127 - 1,5 ο 
137 ~ 4,7 3.7 507 + 2.3 ο 
147 * 2.6 ο 517 » 1,0 0 
27 - 1,5 ο 
07 + 4.3 0 537 +10.5 5.7 
117 - 1.3 0 5 + 2.9 ዕ 
27 - 7.7 4.3 57 - 0,8 ο 
197 +11.0 6.6 67 - 2.0 ο 
47 + 7.3 4, E 
57 መ 0,7 ሀ 507 «10.6 11.2 
67 - 5.8 ο 517 - 2.8 ο 
027 - 4,5 ዐ 
- 6,5 6.0 637 + 2.3 ο 
- 1,3 ο 647 e 1.7 ο 
- 5,3 ο 657 = 0.6 0 
-13,9 19,2 707 - 0.3 ο 
- 2.4 ο 717 - 2,7 0 
- 0.2 ο 737 = 5.2 ο 
e 3.5 0 | 
+ 3.1 0 ሐ 
8 ማጭ 3.5 ο 
4 7.9 9,8 13 e 2.0 0 
-10,8 9.2 on 
ወ 6.0 ο 408 - 1.7 Ó 
* 0.3 ο 418 NP 
+ 4,2 0 | 
- 9.3 ο 
e 4,4 0 


It is seen that general agreement is very good. Any 


large discrepancies may arise from poor intensity estimation 
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and to the use of the isotropic temperature factor, 

The non-cylindrical cross section of the crystels used 

for photography increased the difficulty of good cross- 
calibration of intensities and may account for some errors. 
For the cut crystals the character of the spots left 

much to be desired so some deviations are to be expected 
for this reason. The parameters used for calculation of 
amplitudes were determined from observed data alone and 
thus final positions include no corrections for incomplete 
series. At high values of (sin 9)/, very small changes in 
coordinates have a relatively large effect on Fcalc. and 
some of the differences may be resolved by better parameter 
values. The determination of an F calc. synthesis is 

now in progress but will not be reported here, 

A criterion of the quality of a structure determina- 
tion has been suggested by Smare 19) and Broomhead and 
Nicho1 4) wherein an "index of reliability" is determined 
65 


R = S||Fops.| e Fealgl.| 
s |Fobs.| 


Applied to the data herein two values of the index were 


evaluated. When only reflections for which observed data 
are available are considered, ñ = 0.17. If amplitudes, 
the calculation of which indicates they are too weak to 
observe (1,e. <3), are omitted but all others are 
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considered, then A = 0.21, These values compare favor- 
ably with those obtained in other structure determinations 
by other investigators. More recently it has been sug- 
gested that the index is not as good an indication of 

the quality of a structure as originally supposed. 
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DISCUSSION OF THE STRUCTURE 


As has been stated, there are two strings of mole- 
cules, one in the plane y = 1/4 and the other in y = 3/4 
so oriented with respect to each other as to satisfy 
best packing relations. Distances of close approach ín 
the cell have been calculated and are shown in Figure 9. 

To simplify the discussion of the molecular struc- 
ture the atoms of the molecule have been labelled in 
Figure 2. Figure 10 is a sketch showing distances and 
angles between the atoms lying in the symmetry plane. 

A similar sketch for the atoms occupying fourfold posi- 
tions is shown in Figure 11. Table II below lists 
pertinent intramolecular distances and angles together 


with average values of interest. 


TABLE II 
(All Distances in Angstroms) 





C, - Cl, 1,30 Clj - Cl4, 2.81 
Ci = Cl, 1.67 Cl, - Clg 2.84 
C3 - Cig 1.75 Cle - Cly 2,82 
C3 - Cl& 1.82 Average 2.82 


Average 1.75 
Average 4.92 
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TABLE 11 (Continued) 





Cla - Clj 3.96 


Average 3.37 Average 3,98 


σι -σ 2.12 L. C14 2-64 108° - 20» 

ο, -ο 2.21 ZCle-Cy=C1y 108? - 20* 

Average 2.16 C 人 ClanE3-C18 1007 
Average 1079 - 30° 

Cy - Co 1.59 

C3 - C2 1.55 Z C1=C2=C3 85 

Average 1.57 Z C2=C1=Ca 889 
Average 869.5 


Cl4 - Cl, 3.06 
Cla - Cls 3.10 
Cli - Cl, 3.11 
Cli - Clg 3.07 
Average 3.08 





Ihe twofold chlorine atoms form an isosceles 
trapezoid lying in the symmetry plane and the chlorines 
occupying fourfold positions form a similar trapezoid 
essentially of the same dimensions which lies almost in 
the plane x = 1/4. The two trapezoids are so oriented 
as to give the idealized molecule the symmetry ὅπ. From 
an inspection of the Cl - Cl separations on each side of 
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the carbon ring it can be seen that the chlorines have 
moved so as to equalize Cl - Cl interactions at the 
expense of deformation of the carbon ring. It is felt 
that the small amount of energy required for distortion 
of the ring is more than regained by equalizetion of the 
chlorine distances. 

The optical behavior of the compound is of interest 
because the crystals show extinction parallel to the needle 
axis which the study has shown not to be the unique axis. 
In the monoclinic case, the orientation of the indicatrix 
must conform to the crystal symmetry and one axis thereof 
must coincide with the b axis of the unit cell. Ordin- 
arily this is the only restriction on indicatrix oriente- 
tion except that its other two axis must obviously lie 
in the ac plane taking any position in this plane but 
of course remaining at right angles to each other. For 
CaClg the conclusion is that one of the two indicatrix 
axés in the ac plane lies parallel to c. This might 
be expected since the strings of molecules also lie 
parallel to c as does the fourfold alternating axis of 
the idealized molecule. The remaining indicatrix axis 
must then lie normal tc c. It is believed that this 
optical behavicr is good evidence in support of the con- 
clusion that the molecular symmetry approximates closely 
to 4m. 
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The puckering of the carbon ring ís considerable, 
the dihedral angle being about 16°. From an examination 
of the literature this appears to be the first direct 
evidence of a non-planar cyclobutane ring. &dge11 19) 
from the infra-red and Raman spectra study of C4Fg con- 
cludes that the ring is planar with a molecular symmetry 
Dan» Freliminary results of electron diffraction studies 
of the same molecule by Livingston indicate thet the ring 
is puckered. Spectroscopic studies of C,H, are interpret- 
ed by wilson! 2°) to show the molecular symmetry is not 
Cy, but rather D4n. Dunitz’ X-ray study of tetraphenyl 
cyclobutane shows the ring carbons to lie in a single 
plane, a symmetry center for the molecule being required 
for the space group. 

Individual C-Cl distances are erratic because of 
poor carbon peaks in the Fourier sections. However they 
average out to 1.75 R. which is very close to the distance 
of 1.76 À. observed by Paulíng and βσοεκναγί 15) in elece 
tion diffraction studies of CCl,. In liquid carbon 
tetrachloride Bray and Gingrich! 3) have observed the 
corresponding value as 1.74 A. For chlorines bonded to 
the same carbon atom en average separation of 2.82 ፻, 
is found in C4Clg. ^ value of 2.86 ደ, 45 reported by 
Pauling and Brockwey as well as by Cosslett and de Laszlo! ^! 
in independent investigations of gaseous CCl4. 
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(11) 


tisenstein found the separation to be 2.95 A. at 
27°C from Xeray studies for the liquid. The Cl-C-Cl 
angles observed in CaCl, were all slightly less than 
tetrahedral, 

Carbon-Carbon bond lengths are not too accurate but 
the average value is indicative of a departure from the 
"normal" value of 1,54 A. Ihe following tavolo summarizes 
C-C spacings in compounds containing cyclobutane rings. 


In every case the values are greater than the normal 


value, 
nvestigat Compound ς-ς (À.) 
Dunitz Tetraphenyl- 一 -一 
cyclobutane 1.555*0,02)^€9.1.57 
Bauer £ Beach!?? Methylene 1.56 *0.03 
(17) cyclebutane 
Shand, Schomaker, & Fischer Methylene 1.55 +0.02 
i cyclobutane 
Lipscomb and Schomaker! 3) — ketene 1,55 +0,05 
imer 
Livingston perfluoro- 1.60 
cyclobutane (C4Fg 
This investigation Ca Clg 1.59 


1.55 Avg. 1.57 


Preliminary x-ray analysis of dinaphthylene cyclobutane 
by Dunitz and masana. 1 indicate that C-C distances in 
the central ring may be longer than 1.54 Á. also. They 
report that the molecule has a center of symmetry which 
means the ring must be planar. 

The average C-C-C angle of 8695 is of course only 
indicative of the puckering of tne ring and cannot be 


taken as a fínal value sínce more accurate carbon positions 
are yet to be obtained, 
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SUGGESTIONS FOR FURTHEA STUDY 


In any refinement procedure one may employ, the 
atomic coordinates of the chlorine atoms will change 
little if at all. There does remain the problem of 
tiling down the positions of the carbon atoms. There 
are methods that may be used to improve the structure 
determination. 

It has been mentioned previously that many relatively 
intense reflections were observed at hígh values of 
(sin 0)/a . This indicates that probably there are 
numerous amplitudes of considerable magnitude beyond the 
maximum angle observable with Cu K« radiation but which 
still would contribute substantially to the Fourier 
summation. The incomplete series gives rise to a rippling 
effect which results in a displacement of maxima, par- 
ticularly those of carbon atoms, from their true posi- 
tions. It is desirable to obtain additional terms in 
the series to smooth out these ripples. ihotographs 
taken with M, K« radiation should serve to pick up re- 
flections further out in the reciprocal lattice.  Incor- 
poration of those additional amplitudes in the Fourier 
series should tnen lead to more accurate positions for 
carbon atoms. 


There is a less desirable procedure that may be 
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followed but which is considered adequate by many in 

the field. The parameter values given by the Fourier 
synthesis of observed amplitudes ere used to calculate 
structure amplitudes for the observed range of (sin 9)/x . 
These calculated amplitudes are put through a Fourier 
synthesis which, since this series also is somewhat 
incomplete, will not reproduce exactly the peak posi- 
tions used to obtain the calculated Fourier coefficients. 
The resulting small shift in position of each peak 25 
applied with reversed sign as a correction to the corre- 
sponding atomic positions as given by the experimental 
Fourier synthesis. 

Since carbon maxima may be displaced and ill-defined 
in the presence of the high chlorine peaks, it would be 
desirable if the Fourier syntheses could be calculated 
ín such a way that the contríbutions of the chlorines to 
the series would not be included. Such a procedure was 
partielly successful in the structure determination of 
WF in the sense that when uranium peaks were subtracted 
out, rather well defined peaks for the light fluorine 
atoms remained. The method of attack was first to deter- 
mine a scattering factor curve for uranium. Then struc- 
ture factors were calculated for the U atoms alone and 
subtracted from the observed values. This left a residue 


which was taken as the contribution from fluorine atoms. 
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Fourier calculations with the residue gave light atom 
peaks and enabled the investigators to obtain approxi- 
mate atomic coordinates, This same procedure could 
probably be carried out for C,Clg but the determination 
of the experimental form factor for chlorine is at best 


& rather uncertain procedure. 
















ea 





te ο ο ο ο ο] 

ο ο... talaxaz eq #ይኦኮላ 

bluéé Hindi daid 461፳1- 8526613465 ኑኔጸዉ/ዘ «288 

A νά Ἠλδλωνα 

7994 ሃፅ 61 “ቤኔ 463 wae canis antl 16ጠለናሩባ EN de 
‹81ጠሠ,ቃጋ86 ወ!.ልያ፣-3፡59 | 

i + 








FE SE . - a < 


καν. ϐ δι «κων ων Ιω. e - ' ....-. 
as —— — 
"7 "I I ^ - " " gue 


- ae =o a 4 L. Q ው 4 "ዛጆህም፡ 


..µ, » «ὦ η K JE L R. _ 





5 6» —! E πω mn 
— μα. νοκ ጠመ vpt መ 
A om — "" r 
— —— —— * a 
00 wn "ames ema cum cca — 
S | 
| — — "wA . ቁፍ 


- 
4 w λα 


+ — — T 28 




















PART 11 


FURTHER STUDY OF THE STRUCTURE OF CaF) > 
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INTRODUCTION 


The first structure work on the dimer of hexa- 
fluorobutadiene, CgF]2. was done by Dr. H. W. Droge ^l) 
in this Laboratory. The trial model employed wes based 
on a "chair" configuration of the three cyclobutane 
rings fused at 120° angles to one another, HKeasons 

for the choice of such a model are reviewed in his work. 
He found the unit cell to be triclinic and to simplify 
the problem based his analysis on s face-centered tri- 


clinic unit of al = 9.95 A. A = 86.2° 


ao = 7.394. ϱῥ' - 84.85 


aa "13.20 A. ?" «60.8 
containing one molecule per lattice point. Since no 
positive pyroelectric effect was observed the molecule 
was believed to have a center of symmetry. Using zero- 
layer a‘ - axis data with the centrosymmetric model he 
determined a set of atomic parameters which, however, 
led to erratic C-C and C-F bond lengths and to poor 
agreement between calculated and observed amplitudes. 

It was clear that the structure problem required further 
study. 


Since for triclinic lattices the choice of a 
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structural unit is not indicated by symmetry, Buerger 
has recommended that such lattíces be reported in terms 
of what he calls the "reduced prímitive cell." This 

is a unit the edges of which have the three shortest 
translations in the lattice and the axes of which are, 
labelled such that aj < 82 « 83. án additional require- 
ment is that the interaxial angles < /,and Y are all 
obtuse. It was thought that if all reflections that 
might be observed were indexed on the basis of this unit 
the problem might be clarified and some progress might 
be made toward the final solution. 

Figure 12 shows the face centered unit used by 
Broge together with the primitive reduced cell employed 
in the present study. It is seen that 51” BD , 32 
= DE , and az” AB. The transformation from the compound 
to the primitive unit is: 


a] * -a2' + al 


2 


a2 = -al - a'2 


2 


a3 = -a'a + a's 
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The present work was based on the centrosymmetric 
model. Although practically complete data for the 
primitive cell were obtained, no new atomic coordinates 
have been assigned and the structure still awaits solu- 
tion. It ís to be understood that the work reported 
herein was done prior to the investigation of the struc- 
ture of octochlorocyclobutane. In view of the fact that 
the carbon ring is puckered in C¿Clg, it may be that the 
rings in CgF)> are not planar. If this be true a new 
trial model having no center of symmetry must be con- 


sidered. 
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EXIEAIMENIAL PACCEDURE 


Single crystals of the compound were grown under 
vacuum by sublimation in thin-walled glass capillaries. 
The procedure is described by Broge and ís a standard 
procedure ín thís Laboretory for crystals having high 
vapor pressures. In this study the capillaries were 
about 1 mm. in diameter and wall thickness averaged 
O,0l mm. ss measured under a microscope fitted with a 
micrometer eyepiece. 

Ihe crystols were mounted on the goniometer head 
such that the face of growth in the capillary was 
perpendícular to the rotation axís. Oscillation photo- 
graphs were used to locate rational directions and to 
align the crystals for Weissenberg photography. Since 
the various repeat distances for rational directions 
could be calculated from Broge's work it was a simple 
matter to identify these directions on the photographs. 
Four crystals were photographed and the rational direc- 
tions found may be described as follows: 


Crystal number Repeat distance (ል..) Description 
1 6.3 a, of reduced unit 
2 6.0 al of reduced unit 
3 6.3 a2 of reduced unit 
4 7.4 a Of centered cell. 
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Crystal #1 was cracked and gave separation of spots; 
it was discarded after #3 was obtained. 

Complete zero and higher layer equi-inclination 
Weissenberg photographs of all samples were taken with 
Cu Κα radietion using the triple-film technique. The 
films were given exposure times of thirty minutes and 
four hours for each layer in order to be able to read 
spots over a wide range of intensity. Zero-layer NaCl 
reflections were superimposed on separate zero-layer 
photographs of CgF]2 for gocd lattíce constant measure- 


ment. 


Indexing the Reflections. 

The problem was simplified in that the reciprocal 
lattice of the primitive cell was known. In that lattice 
it was thus possible to calculate distances and angles 
which served to identify unequivocally the reflections 
on the films. Reflections from crystals }, 2, and 3 
were easily indexed. For crystal #4 it was necessary 
to choose an appropriate reciprocal lattice and the corre- 
sponding direct cell for use in indexing reflections and 
then transform indices so that they would refer to the 
reduced unit. The cell chosen was: 

'* 6,08 KR. „' = 570 


tt « 7,39 jee = 74° 


2 ከ2 |። 


'" ox 7.76 f^. 55.59. 
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The transformation to the primitive cell is: 


δ} bz 91' 
52 = 82 de aj?” 
ag * a5'' >= 82'' . 
Determination of the Lattice constants. 
Using the cell constants determined by Broge for 
the centered unit the reciprocal latticefor the reduced 


cell has 
aj* = 0.1891 A^] — ,* « 70.8? 


823 = 0,1742 jeu 66.37 
ag* = 0.1525 /* * 68.0? 


However measurements on zero-layer Weissenberg photographs 


taken ín the present study lead to 


aj* * 0.1890 * 0.0002 ለ... ^ » «9.3? 


83* = 0.1772 + 0.0002 pr = 66.3° 


a4* * 0.1545 + 0.0002 


The spacing of a2 was measured from an oscíllation photo- 
graph upon which NaCl reflections had been superimposed 
and was found to be 6.29 R. using this value with 
appropriate formulae the reciprocal lattice angle y/* 
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was determíned to be 67.0. Direct cell constants are 
then 
ኃ 
δὶ 56.0» Α A= 103,59 


áo * 6.29  ¿= 107.9" 


a, = 7.27 Y= 106,40 


for the primitive reduced unit. These values lead to 
a unit cell volume of 235.2 1” and an X-ray density of 
2.29 gm./cc. Broge lists 240.7 55 and 2.23 gm./cc. as 
a result of his study. It is to be noted that he had 
to employ the method cf angular lag to determine angles 


in reciprocal space. 


Intensity Measurement. 

The relative intensities were determined by visual 
comparison of the reflections with the intensity scale 
described in Part I. Values of (sin 0)/. were computed 
graphically rather than from film measurements. The 
Lorentz and Polarization and the Tunell factor where 
applicable were applied to the intensities to obtain 
relative F* values. By careful cross-calibration all 
data were reduced to the four hour zero layer a, axis 
photograph. ¿Excellent checks were obtained for reflec- 
tions common to two or more films. The relative F? values 


are listed in Table III. 
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TABLE III (Continued) 











Rel. Rel. 
2 2 
hkÁ sin 9  |Fnkil hk Í 546 9 ጾከህ/ 
ኦ ሥ 
032 0.254 15 043 0.485 37 
042 0.332 £13 053 0,565 ዐ 
05 0.414 14.7 043 0.645 ዕ 
ዐር 0,495 39 ቃ 
07 0,554 22 013 0.214 370 
023 0.235 8 
0.208 430 033 0.282 19 
0.259 1000 043 0.347 340 
0.331 b 053 0.421 9t 
0.402 2 063 0.498 40 
0.436 47 073 0.580 0 
0.571 0 
103 0.379 22 
0.149 330 113 0.321 25 
0.152 7.5 123 0.389 10 
0.214 5 133 0.461 52 
0.285 600 143 0.538 75 
0.370 270 153 0.545 0 
0,454 ዕ 
0.538 - 10 0.214 108 
0.623 - 113 0.214 6970 
12 0.246 53 
12 0.175 190 13 0.305 360 
22 0.240 57 14 0.376 370 
32 0.318 19 15 0.454 26 
42 0.396 85 16 0.538 - 
52 0.480 218 17 0.590 - 
2 0,565 37 
፲13 0.246 210 
0.188 510 123 0.305 70 
° 900 133 0.370 50 
0.252 2200 143 0.447 80 
0.324 2.9 153 0,532 13 
0.390 17 163 0.610 15 
0,473 112 | 
0.919 5.4 113 0.253 960 
423 0.260 1100 
0,230 590 ኃ 0.292 180 
| 0.275 760 43 0.344 180 
0,338 72 153 0.409 285 
033 0.407 10,8 165 0.460 16 
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nel, Rel. 
sin» "ኤ ἈΚ sin 9 [Fhki 
0.402 300 τος 0.571 O 
0.428 3.1 176 0.623 ዕ 
0.520 à 007 0.539 14 
0.590 0 0137 0.570 11 
027 0.623 0 
0.462 110 
0.506 3 017 0.514 0 
0.549 0 027 0.504 6 
0.608 30 037 0,510 Q 
047 0.530 0 
0.438 7.3 057 0,563 Q 
0.432 200 067 0.608 10.8 
0.472 7.5 107 0.594 4 
0.516 193 117 0.623 ዕ 
0,565 O 
0.630 ο 107 0.513 10 
| 117 0,493 40 
0,506 5 127 0,487 115 
0.552 ዐ 137 0.499 0 
0.603 8.5 147 0.526 0 
157 0.571 5.3 
0.434 14 107 0.623 - 
0.415 270 
0.422 40 17 0,545 305 
0,443 ዕ 27 0,590 ር 
0,474 80 137 0.643 1.1 
0.525 9 
27 0.533 110 
0.467 125 37 0.538 0 
0.919 4 47 0.551 0 
0,573 1.6 57 0.577 0 
0.640 3 67 0.616 0 
0.480 140 008 0.616 0 
0,467 13.5 
0,467 140 018 0.591 
0,486 180 Q 0.578 0 
0.519 0 0 0.578 5.3 
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hel. Rel. 
sin 9 F , hk 9 , 
sin2 Fake A sin. Fakai 
0.344 6 53 0.506 0 
0,422 200 63 0.583 0.6 
0.506 35 
0.584 - 213 0.318 6.5 
223 0.311 9 
0.201 470 233 0.331 420 
0.246 15 243 0,369 100 
0.305 170 255 0.421 500 
0.383 125 263 0.487 60 
0.461 61 7.) 0.958 1.4 
122 20 283 0.630 63 
.618 0 
204 0.422 ο 
0.260 11 214 0.467 80 
0.260 490 224 ,499 9 
0.292 150 234 0.590 8.8 
0.337 1.4 2 
0.402 85 204 0.292 145 
0.474 ο 214 0.298 400 
0.551 0 224 0.324 5.3 
0.630 5.5 234 0.359 900 
244 0.434 180 
0.350 1500 254 0.506 ο 
0.402 16 264 0.577 26.6 
0.461 80 
0.532 5 14 0.311 gO 
0.603 13 d 24 0.357 1,4 
34 0.415 10 
0.235 200 244 0.486 70 
0.246 74 2 0.558 15 
=e 300 G4 0.630 5 
. 34.4 13 
0.422 1.9 14 0.389 110 
6:57 Ó = 0:309 155 
244 0.415 2.8 
o. me 1100 254 ο E 
e a 240 e | 
0.357 1900 $54 572 21 
0.428 34 
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Rel. 
sin 9 LN hk? sin 9 
A 入 
0.493 27 216 0,545 
0.538 51 $Æ 0.512 
0.596 2 235 0.506 
246 0.525 
0.357 2.4 230 0.551 
0.350 184 206 0.584 
0.30 120 276 0.635 
0.408 50 
0.461 530 267 0.635 
0.519 0 
0.590 12.6 207 0,499 
217 0,486 
0.383 18 227 0.480 
0.428 115 237 0.506 
0.490 74 247 0.539 
0.545 100 257 0.583 
0.616 3 267 0.63o 
0.451 0 217 0.525 
0,447 150 227 0.564 
0.447 72 237 0.617 
0.467 118 
0.499 2.7 217 0.610 
0.545 ο 27 0.590 
0.596 64 37 0.584 
7 0.584 
0.564 7 57 0,503 
0.609 2.9 6T 0.636 
0.428 29 208 0.571 
0.415 0 218 0.558 
0.428 450 2 0.558 
0,454 53 23 0.571 
0.499 9.1 24 0.590 
0.551 8.4 25 0,529 
0.610 -- 
| 218 0.017 
0,454 8 228 0.636 
0.493 0 
0.538 1.6 208 0.649 
0.610 « 23 0,630 
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Rel, Rel. 
sine εί hk/ sin . ΜΙ 
Y 
0,423 34 344 0.486 le 
0,473 4,5 354 0.558 ο 
0.538 4,5 364 0.629 - 
0,597 2.7 > 
14 0.337 1525 
0.285 150 324 0.370 4 
0.311 45 334 0.421 10 
0.350 640 344 0.480 30 
0.415 30 54 0,551 1.5 
0,487 228 c4 0.623 
0.558 26 
0.629 - 314 0,463 3,2 
524 0.441 125 
0.292 530 334 0,441 130 
0.324 15 344 0.461 
0.370 21 sá 0,493 140 
0.435 48 64 0.538 O 
*8 = 374 0.591 11 
577 
0.654 0 305 0,558 26 
315 0.603 8 
0.396 334 
0.383 50 305 0.383 10 
0.339 130 215 0.389 300 
0.415 45 325 0.409 36 
0,454 0 335 0.454 558 
0,512 40 345 0.506 114 
0.571 0 35 0.571 ዕ 
0,537 ፦ 36 0.636 - 
0.493 36 315 0.395 2.9 
0.538 12 325 0.435 17 
0.597 2 335 0.480 ο 
245 0.538 ዕ 
0. 331 200 355 0.598 2.3 
0.337 800 — 
0.376 128 315 0.532 3.9 
0.428 135 325 A ብላቹ 
338 . 
345 0.513 14 
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nel. Sel 
hk Á sin 9 Faral hk Á sine Fu (| 
434 0.441 283 Ale 0.479 135 
444 0.493 63 426 0,506 0 
454 0.551 55 436 0,545 29 
ACA 0.59€ 8,1 446 0.596 7.8 
414 0.538 12.5 425 0.636 - 
434 0.506 0 445 0.623 2.1 
444 0.519 2.3 455 0.03% 6 
454 0.538 0 
464 0.577 0 407 0.525 21 
474 0.623 ο 417 0.525 ዕ 
427 0,538 8.3 
405 0.636 437 0.571 17 
447 0.609 6 
458 0.422 4.5 L 
41% 0.434 190 417 0.538 7.5 
4: 0,461 4 427 0.564 42 
43 0.506 437 0.603 1.6 
44 0.558 10 
4* 0.623 - 408 0.584 5 
41 0.594 32 
0.428 53 428 0.590 3.2 
0.448 160 - 0.616 15.5 
0.493 39 44 0.649 3.2 
0,545 2.5 " 
0.598 = 418 0.591 Q 
428 0.630 1.5 
0.597 0 
0.577 19 209 0.592 0 
0.564 11 41 0.649 2.3 
06.571 E 429 0.636 - 
0.584 0 439 0.649 - 
0.616 0 
415 0.645 0.6 
0.467 130 
0.473 21 500 0.472 90 
0.499 109 510 0,514. 53.3 
0,532 11,5 520 0.565 ዕ 
0,577 e 530 0.623 0 





TABLe 111 (Continued) 





va 





5 


| aeri emdi 111 υ.δεωΐ 


ae? 
luae 





i SS fedi didi Nd 





esi 9229 SORA εδ sg τις 








TELLE KE E wi 








ah = Be VES RDA MILT Ea 
κ ΣΤ "WDR i «d risate 





we 





0,443 
0.435 
0.467 
0.505 
0.552 
0.611 


0.506 
0.552 
0.621 


0,447 
0,487 
0.539 
0.598 


0,422 
0,435 
0,429 


Rel. 


2 
IFnk4| 


4.5 
7,1 
160 
634 
14.9 


38,1 


18 


23 
16 


TABLE III (Continued) 


0,640 
0,559 


(8 


Rel. 
2 
Eng! 


174 


ln 1711 ΔΑΊ 








ጁ |4 














o. 


PELIN 





— BS We SB di 


«αφ 125 








Peau 





e929 


7545553 ፪፻ 











“°° 3 ale: 


Re ፳2፳2፳2፪ 53 53332 2፪፻2፪፤ wana s 6 


; Sa RT I 
un ar | 


— Sa 





5.817 ' 











> 
> 


413133 See 


ኑ። 
bi 


οσον 


Eis 







ROSE 








sin-8 


እ 


0,447 
0,474 
0.510 
0,959 
O. 617 


ο 442 
0.455 
0.481 
0.520 
0.575 
0,637 


0.618 


Rel. 
2 
Εμ 


390 
103 
165 
ሀ 
ο 


ፌሬው. 
፦ 





TABLE 111 (Continued) 


0.607 


0.643 


0,549 
0.578 
0.630 


0.513 
0.506 


፦ 
( O O Oc JROOGO uc 
ε 


Oo 


Rel. 
» 2 
Faka] 


130 
21 


mero 1100 O 
no 


OO οι 


9 ° ° ° 
wo Co ኢን ri 


e 
à € 


ቻር 
NO 


ቀጋ 


(ይዊህ6ኔ #ጠር:2) 535. ASAT 


ት 
ይ 


yan 


e pla 
Á 





x 








555: 





$003 


32552 444352 24128, 5፤ 45: 22 un L 
g33°° jede δ44565 Br Bons Ὡς 





5፻፲፪ 2222 522 35233 κοκ. 


00590 oo 


ui ni 481 23 54 syys: እ 253 ἢ 


a ATA 























e 
ቶ 
e 


eves 


© 


40 


ኦሪ ፦ ርጋ 
° 
usa 


ooo o 
$ 


9 
ዛጋ 


9 
ቴኦ 


"oos ΘΘΝΙΙΝ ooooo 
ሂን o 


TABLE 111 (Continued) 


hk f 


c4 
a 
ንር 


es zielen 
A A 


£15 


545 


516 
Y 
36 


621 


0.591 


0.615 
0.600 
0.633 


0,3924 
0.552 
0.592 
0.636 


0.513 
0,539 
0.532 
0.565 
0.611 


C.540 
0,565 
0.598 
0.636 


0.532 
0,546 
0,565 
0.597 


9,566 


0.617 
0.649 


0.565 
0. 378 


0. 640 
9.201 


0.617 
0.647 


70 





12 


e 9 
QUU 


1100 ረጋርጋር› ” 5 


30 © 
b. 9 
“σος 


e 


8 9 ኮ፲ © © 









i ποτ 988 8 
— 








σσσώς 
š Ταν ~ 


“o a Shes e 











n 3s pH MENA "T 


ads Mts ans nn αγ... EXE . 
| — 


















TABLE III (Continued) 


73 


nel. nel. 
2 2 
ከኔ! sin 9. ፻ከፌ| hkg sine  |Fhyl 
入 入 
5417 0.604 O 703 0.606 6.5 
$27 0.624 6.3 713 0.637 52.6 
637 0.646 - 743 0.618 17 
608 0,641 0 713 0.618 17 
723 0.585 0 
618 0.649 - 733 0.585 14 
743 0.585 3.2 
0.036 24.8 783 0.604 12 
0.610 15 704 0.506 19 
714 0.633 - 
0.634 
714 0.591 18.9 
0.604 0 724 0.591 4 
0.593 5 ኘ34 0,604 10 
0.591 7 
0.604 0 705 0.615 48.7 
0.022 14 751 0.640 - 
0.630 0 715 0.104 10.6 
725 0.610 ο 
0.615 15.3 735 0.623 0 
745 0.649 Q 
.591 0 
0.585 ο 706 0.633 2.9 
0.585 0 
0.597 0 716 0.627 38.4 
726 0.637 25.0 


The factors by which relative ε΄ values of a given 


film were multiplied to reach the common level are; 
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Bb oo N me O 5υω N F 


Factor 


1.20 
0,99 
1.05 
1.46 
o,56 
0.91 
1,29 
1.32 
1.02 


δα 


Axis 


ο ይ Qo ሠ FS © 


actor 
2.05 
2.35 
2.56 
2.78 
2.55 
3,04 


Absorption effects were calculated to be negligible. 
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The atomic parameters listed by Broge for the com- 


DETERMINATION OF PAHAMETERS 


pound cell were converted by graphical means to the 


coordinates in the primitive unit as follows: 


x y z 

Cj -0.139 +0,044 -0.057 
C2 -0.198 -0.024 -0.259 
Ca -0.224 -0.266 -0.204 
Ca -0.133 -0.170 0.000 
፻ 1 +0.220 -0.229 0.000 
F5 -0.116 +0.115 -0,454 
F3 -0.487 +0.030 “1. 3.4 
፻4 -0,083 -0.415 -0.354 
Fe -0.374 -0.479 “0. 208 
Fe -0.244 -0.354 +0.180 


Figures 13 and 14 show projections on (010) and (100) 
of the reduced cell that would be obtained using the above. 
The centresymmetric model is clearly outlined. 

Amplitudes calculated from these positions however 
failed to agree with observed values. This indicated 
that the proposed structure was not close to the true 
one and that the experimental data should be used system- 


atically in a search for the correct structure. 
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Patterson Projection, P(Y,Z). 

Since the first data were observed for rotation 
about aj the Fatterson projection on (100) was computed. 
It can be shown that 


| = I "X > à 
ΚΡ(Υ 2) - à z (lFor + |Foxe| | cos 2 Wk Y cos 2182 


- ἃς A Fox] - T sin 2 TkY sin 2 7X2 
(neglecting constant additive terms). 

The projection is shown in Figure 15. Contours start at. 

O and are drawn st intervals of 50 in relative Patterson 
density. Aside from the identity peak st the origin, a 
single solid ridge is seen extending from Y=0,2=0 to 
Y=],2==1/2 with peaks at intervals along the entire length. 
This would lead one to believe that the long axis of the 
molecule lay parallel to the ridge. Further evidence 

lies in the fact that the (012) reflection is indicative 

of strong temperature diffuse scattering. The signifi- 
cance of such reflections is discussed by Lonsdale.‘ 77) 
Trial parameters assigned to the atoms on the basis of 
such an orientation failed to give a satisfactory com- 


parison of calculated and observed amplitudes for F (00$) 
and F (OkO) " 
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Patterson Projection, P(X,z). 
The function, apart from constant additive terms, 


may be expressed as: 


KP(x,2) = A > lenor] „COS 2 ከጸ ር05 2 TRE 
ከ=ህ 050 


- Ξ. >= | ፻አ6,|” - που! 2 | sin 2 hX sin 2 τὰ 2. 
hel lel 

The projection on (010) of the primitive reduced cell 
is shown in Figure 16. Contours are drawn as before, 
Several isolated peaks appear and may be grouped along 
straight lines with striking regularity. Several oriente- 
tions based on features of this projection were tried 
but failed to give satisfactory agreement of observed 
and calculated amplitudes. 

Peaks arising from vectors between equivalent atoms 
will appear on P(X,Z) at X=2x,2=2z. A scaled model of 
the unit cell was made so that trial structures could 
be set up with cork balls to represent appropriate atoms. 
even with the model it was not possible to determine which 
of the peaks appeared because of equivalent atoms, The 
parameters obtained from Broge's analysis were used to 
plot peaks at 2x,2z on an overlay of the — 
jection. The coordinates were adjusted to agree with 


the peaks on the projection and structure amplitudes 
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computed.  ^gain there was no agreement. 

since the (221) reflection was so very strong it 
was suspected that a large amount of scattering material 
was located in the corresponding plane. The Patterson 
density from P(X,Z) was plotted on a properly drawn grid 
of the (221) plane. Any vectors between atoms lying in 
this plane would appear in their true length in the pre- 
ceding plot. The scaled molecular model was pleced in 
several orientations such that many of the fluorines 
lay in the plane. No vectors could be recognized how- 


ever, 


Patterson projection, P(X',Z’). 

The projection on the a;'' ag'' face of the unit 
cell of crystal #4 was calculated. This corresponds to 
(011) of the reduced unit. It is shown in Figure 17. 
Contours start at O and are drawn at intervals of 20 in 
arbitrary relative Patterson density. Here again there 
45 8 long ridge extending from X'*0,2's0 to X'*1/2,2'z1 
with poorly defined peaks all along the ridge. The plane 
of projection was properly fitted into the primitive 
reduced cell to see if three coordinates could be assigned 
to any one vector peak. This procedure failed to clarify 
the situation however, 
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Phase Inequalities and Unitary Structure Amplitudes, 

Since none of the projections were successfully 
interpreted, the possibility of phase determination by 
the recently proposed inequality procedure was explored. 
Unitery amplitudes are required in the inequality method 
and were, therefore, calculated for (0k2) and (n0l) data. 

It was soon cleer that only a few F's were greeter 
than 0.5 and that there were certainly not enough of 
sufficiently high magnitude to determine more than a few 
phases. If the assumed model were correct, the method 
might be further exploited. However, if the center of 


symmetry is lost, the procedure no longer is applicable. 


Temporary Conclusion of the Work 

Thus far, all attempts at parameter determination 
had failed. It was at this point that CyClg hecame 
available for study. It was decided that more would be 
accomplished in the long run if the Caf] problem were 
dropped at this time in order to determine the structure 
of the octachlorocyclooutane. any knowledge gained con- 
cerning the configuration of the carbon ring in the latter 
compound might then lead to reconsideration of the proper 
model to use in work on the former, 

Recently Professor Miller made available for study 
the compound CaCl4Fg analagous to ὤΡΕΙ2 wherein the 
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fluorines attached to the central carbon ring have been 
replaced by chlorine atoms. It was at first believed 

that structure studies of this material might help ín 

the solution of the hexafluorobutadiene dimer. Prelim- 
inary work has shown that crystals of the new compound 

have cubic symmetry and thus are not isomorphous with ‹-«፻ 12» 
There is, however, evidence of molecular rotation at room 
temperatures so further work at lower temperatures may 


give more information, 
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SUGGESTIONS Fön FURTHER STUDY 


In view of the evidence of the non-planar carbon 
ring in CgClg it may be possible that the rings in 
8፡12 529 puckered with a resulting loss of a center 
of symmetry for the molecule. If this be true, the 
$tructure problem will be extremely difficult but not 
impossible. 

Nearly complete (hk Y) data have been obtained for 
the primitive reduced cell. It is thus possible to 
calculate a series of three-dimensional Patterson sec- 
tions for small increments along a chosen axis, probe 
ably a>. From these sections enough vectors might be 
er to lead to a satisfactory structure determina- 


tion. 
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Thesis 12786 
095 Owen 


I. The structure of 
octachlorocyclobutane, 
ር4ር18. Il. Further 
study of the structure 
of C8F12. 








